This study examined the performance of 60 heterosexual men, 60 gay men, 60 heterosexual women, and 60 lesbians on 3 tests of verbal fluency known to show gender differences: letter, category, and synonym fluency. Gay men and lesbians showed opposite-sex shifts in their profile of scores. For letter fluency, gay men outperformed all other groups; lesbians showed the lowest scores. For category fluency, gay men and heterosexual women jointly outperformed lesbians and heterosexual men. Finally, gay men outperformed all other groups on synonym fluency, whereas lesbians and heterosexual men performed similarly. A difference between heterosexual men and women was demonstrated on category and synonym fluency only. The findings implicate within-sex differences in the functioning of the prefrontal and temporal cortices.
Sex differences in certain cognitive functions are well documented. Men are found to excel on certain tests of mental rotation, spatial perception, and mathematical problem solving, whereas women perform better on certain tests of verbal fluency, perceptual speed, object location memory, and facial emotion processing (e.g., Acevedo et al., 2000; Herlitz, Nilsson, & Backman, 1997; Kimura, 1999; McClure, 2000; Monsch et al., 1992; Voyer, Voyer, & Bryden, 1995) . The widespread belief that women are better at "verbal abilities" arises from observations of differences between male and female children. Compared with boys, girls articulate and speak earlier, possess larger vocabularies, and are superior at spelling and reading (Kimura, 1999) . These observations may, in turn, reinforce culturally dependent gender schemas-that is, preconceptions about stereotypical sex differences, regarding overall female linguistic superiority. There are no substantial adult sex differences in verbal IQ or vocabulary (although standard IQ tests are usually designed to eliminate sex differences; Kimura, 1999) . However, one female-favoring verbal function extends through adolescence and to adulthood-verbal fluency. Verbal fluency tests require participants to produce the maximum number of words starting with a particular letter, or from a category of some kind, under a time constraint. Whereas the sex differences in favor of adult men on tests of spatial rotation are typically large (Cohen's d ϭ 0.9), those favoring women on letter fluency are small (d ϭ 0.3), and those on category fluency are modest (d ϭ 0.5; Acevedo et al., 2000) . However, Hines (1990) reported a particularly large difference in favor of women on a measure of synonym fluency (d ϭ 1.2), a form of category fluency (in which words are produced according to semantic constraints).
There is also growing, yet conflicting, evidence for the influence of sexual orientation on gender differences in sexually dimorphic cognitive abilities. Initial reports indicated female-like performance by gay men on mental rotations, a typically male-favoring spatial task (Gladue, Beatty, Larson, & Staton, 1990; McCormick & Witelson, 1991; Sanders & Ross-Field, 1987) , although other work has failed to replicate them (Gladue & Bailey, 1995) . Three further studies have replicated the gender-atypical performance in mental rotation for gay men (Neave, Menaged, & Weightman, 1999; Rahman & Wilson, 2003; Wegesin, 1998) . The most recent of these also found a large cross-sex shift in gay men's performance on the Judgement of Line Orientation Test (Benton, Hamsher, Varney, & Spreen, 1983 ) compared with heterosexual men, whereas no differences were found between lesbians and heterosexual women (Rahman & Wilson, 2003) .
Few studies have examined differences in the sexually dimorphic domain of verbal fluency per se (female favoring), and the results have been conflicting. In a widely cited study, McCormick and Witelson (1991) demonstrated femalelike performance on category fluency in gay men (whose scores did not differ from those of heterosexual women), whereas Neave et al. (1999) failed to find any gender-atypical performance on letter fluency. Both these studies used single-item fluency tests: The former used the category Animals; the latter used the letter L. Neave et al. did, however, report gender-atypical performance by gay men on a synonym fluency test, which these authors referred to as verbal associations (using four stimulus wordsunspecified in the report). Gladue et al. (1990) used three letters (F, A, S) and also reported no sexual orientation effects. Two reports claimed to demonstrate gender-atypical performance in gay men in nonfluency verbal skills. Sanders and Wright (1997) reported that Verbal IQ (of the Wechsler Adult Intelligence Scale; Wechsler, 1958) scores of gay men and heterosexual women were higher than those of heterosexual men. However, this finding cannot be viewed as "female-typical" performance on the part of gay men given the absence of overall sex differences in verbal IQ noted earlier. Wegesin (1998) reported similar scores of gay men and heterosexual women on a lexical decision-making task known to show a sex difference. However, most of these investigations have suffered from small samples (with the number of participants ranging from 13 to 32 per group), making them less sensitive in detecting small differences than are investigations with larger samples.
Although these studies have tested lesbians, lesbians have been poorly sampled and appear not to show a genderatypical neuropsychological profile. Only one study (Wegesin, 1998 ) reported a male-typical trend in mental rotation performance by lesbians and another (Gladue et al., 1990) reported a lower level of performance by lesbians than by heterosexual women on the Water Level Test (Thomas, Jamison, & Hummel, 1973) . Rahman and Wilson (2003) reported that lesbians had higher total correct scores than did heterosexual women on mental rotation, but there were no differences in judgment of line orientation and an accuracy-only measure of mental rotation despite a large sample size (60 participants per sex and sexual orientation group). Sexual-orientation-related differences in cognitive functions remain a largely unexplored area in the context of sexdifferences research, requiring further work with larger samples of lesbians and assessment of the influence of crucial variables such as general intelligence on performance differences.
Our aim in the current study was to explore whether the previously reported differences in performance on letter and category fluency between gay and heterosexual men and women were replicable using a more robust design, and whether differences would be present when an alternative measure of semantic fluency (synonym) that appears to be particularly sensitive to sex differences was used. Given indications from previous studies of gender-atypical performance by gay men in certain cognitive functions, we predicted that heterosexual women and gay men would perform better than heterosexual men on letter, category, and synonym fluency tests (and similarly to each other). Lesbians were expected to perform comparably to heterosexual women (i.e., in a gender-typical manner). This study is the first to examine whether the pattern of results is specific to the type of fluency procedure used.
Method

Participants
The present investigation used the sample from Rahman and Wilson (2003) , which consisted of 60 heterosexual men, 60 gay men, 60 heterosexual women, and 60 lesbians (between 18 and 40 years of age and screened to exclude any history of head injury, psychiatric or neurological illness, psychoactive medication, or drug use). Although participants were not explicitly asked about attention-deficit/hyperactivity disorder (ADHD) or any history of learning disabilities (LD), they were asked a more general screening question on psychiatric and neurological illness with examples provided. Any participant who stated that he or she had a history of LD or ADHD was not recruited into the study. In addition, the absence of LD in our sample is indicated by mean group scores on the IQ test that was used-namely, the Raven Standard Progressive Matrices (SPM) test (Raven, 1958; see Table 1 ), which lie between the 74th (intellectually average) and 79th (above average in intelligence) percentiles (Raven, 1958) .
Heterosexual participants were recruited from university sources, through newspaper advertisements, and through social networks. Gay and lesbian participants were recruited from university gay and lesbian organizations, gay-lesbian press, and social networks. Recruitment advertisements requested volunteers to take part in a study of "gender, sexuality, individual differences and cognition" for which remuneration would be given. The complete sample comprised individuals from the London and Southeast geographical regions of the United Kingdom. We cannot exclude the possibility that ascertainment biases were operating in our sample. The gay and lesbian participants in this study comprise those who are open about their sexual orientation and involved in gay-lesbian community activities. Also, heterosexual participants may be oversampled from university sources. These sample-related issues must be borne in mind when considering the ecological validity of the results. Sexual orientation was assessed using a modified Kinsey (Kinsey, Pomeroy, & Martin, 1948) scale. This involved responding to questions about self-identification, sexualromantic attraction, sexual-romantic fantasies, and sexual behavior on a 7-point scale (0 ϭ exclusively heterosexual, 6 ϭ exclusively homosexual). Those scoring 5 and 6 were classified as gay or lesbian, and those scoring 0 and 1 were classified as heterosexual. Participants with intermediate (bisexual) scores were not included in the study. Demographic information was acquired regarding age, number of years in full-time education since the age Table 1 for demographic characteristics of the sample).
Letter Fluency
Letter fluency was assessed using the Controlled Oral Word Association (COWA) test (Benton & Hamsher, 1978) . Participants were allowed 60 s to generate as many words as possible beginning with a specified letter of the alphabet. Participants were first given a practice trial using the letter S, which terminated after they had said two correct words. The test letters were P, R, and W, and the score was the sum of all acceptable words generated (excluding proper nouns and repetitions).
Category Fluency
Participants were asked to generate as many words as possible belonging to the categories Animals (from the COWA), Fruits, and Vegetables (used by Acevedo et al., 2000) . A practice trial used the category tools and was terminated after two correct words were said. The score was the sum of all correctly produced words (excluding noncategory terms and repetitions).
Synonym Fluency
This test was derived from Hines (1990) , and we used the same six-word format as this author for comparison. Participants were presented with a familiar English word and asked to generate as many synonyms for that word as possible. Participants were allowed 60 s per word. The initial practice trial used the word turn. There were six test words in total: strong, happy, pretty, sharp, dark, and clear. The score was the sum of all acceptable words (excluding nonsynonyms or word associations and repetitions). Two raters determined whether the answers were correct using a thesaurus and a dictionary.
Procedure
Participants were tested individually on the fluency tasks and completed the battery in a random manner (the test session lasted approximately 25 min). Participants provided demographic information at the end of the session, and each was remunerated £20 for his or her time. The Ethical (Research) Committee of the Institute of Psychiatry and Maudsley Hospital, London, approved all procedures.
Statistical Analyses
To determine whether the data were normally distributed, we computed box plots for each variable. Visual inspection of these plots confirmed normality for each fluency measure. Group differences in fluency were analyzed using a general linear model (GLM) factorial (gender by sexual orientation) analysis of covariance (ANCOVA), with age and IQ as covariates, using SPSS, Version 8.0. Decomposition of significant interactions involved a series of t tests. Alpha levels for these comparisons were set at the conservative value of .008 because more than four comparisons were conducted per interaction (Bonferroni correction). All other alphas were set at .05. The effect size for these comparisons is also reported according to standard criteria (Cohen's d) , where d ϭ 0.2 is a small effect, d ϭ 0.5 is a medium effect, and d ϭ 0.8 is a large effect (Cohen, 1988) .
Results
Letter Fluency
A two-way ANCOVA revealed a significant main effect of gender, F(1, 239) ϭ 20.51, p Ͻ .01; no significant effect of sexual orientation, F(1, 239) ϭ 0.03, p ϭ .86; and a significant interaction, F(1, 239) ϭ 42.203, p Ͻ .01. Inspection of Table 2 shows that, unexpectedly, men generated more words than women overall. Decomposition of the interaction revealed that this elevation was largely due to the high scores of gay men compared with lesbians, t(118) ϭ 7.950, p Ͻ .01, d ϭ 1.45. Gay men had significantly higher scores than heterosexual men, t(118) ϭ Ϫ4.17, p Ͻ .01, d ϭ 0.76. Lesbians generated significantly fewer words than heterosexual women, t(118) ϭ 4.89, p Ͻ .01, d ϭ 0.89. Overall, there was a graded pattern of letter fluency performance by group. The lowest level of performance was that of the lesbians, followed by heterosexual men and women, who did not differ significantly from each other, t(118) ϭ Ϫ0.96, p ϭ .34, d ϭ 0.17, followed by gay men, who performed significantly better than heterosexual women, t(118) ϭ 4.90, p Ͻ .01, d ϭ 0.65. There were no significant effects of the covariates age and IQ in this model (all ps Ͼ .05). In summary, gay men performed in a magnified female-typical manner, and lesbians performed in an exaggerated male-typical direction. Table 2 for adjusted means). In summary, gay men and lesbians showed clear cross-sex shifts in performance on category fluency.
Category Fluency
Synonym Fluency
The analysis revealed a main effect of gender, F(1, 239) ϭ 10.63, p Ͻ .01, and no main effect of sexual orientation, F(1, 239) ϭ 0.06, p ϭ .80. Contrary to expectations, men generated more synonyms than women overall (see Table 2 ). As with the prior analysis for letter fluency, decomposition of the significant interaction between gender and sexual orientation, F(1, 239) ϭ 139.95, p Ͻ .01, showed that this difference was due to the superior scores of gay men compared with lesbians, t(118) ϭ 10.91, p Ͻ .01, d ϭ 1.99. Gay men also had significantly higher scores than heterosexual men, t(118) ϭ Ϫ8.32, p Ͻ .01, d ϭ 1.51. The overall pattern of means in Table 2 shows that heterosexual men and lesbians produced the fewest synonyms and did not differ significantly from each other, t(118) ϭ 2.29, p ϭ .02, d ϭ 0.41, followed by heterosexual women, who generated significantly more synonyms than heterosexual men, t(118) ϭ Ϫ5.75, p Ͻ .01, d ϭ 1.05, and lesbians, t(118) ϭ Ϫ2.83, p Ͻ .01, d ϭ 1.52, followed by gay men-the difference between them and heterosexual women just reached significance by our conservative criterion, t(118) ϭ Ϫ2.83, p Ͻ .01, d ϭ 0.51. Age and IQ were not significant covariates in this model, F(1, 239) ϭ 2.39, p ϭ .12, and F(1, 239) ϭ 0.17, p ϭ .68, respectively. Thus, whereas lesbians showed a clear cross-sex shift in synonym fluency, gay men showed a marked shift in a female-typical direction.
Discussion
The profile of results from the present study indicates that gay men and lesbians show shifts in performance on verbal fluency tasks in the direction of the opposite gender. For letter fluency, gay men performed in an exaggerated femaletypical manner (i.e., had scores above those of heterosexual women), whereas lesbians performed in an exaggerated male-typical manner (i.e., had scores below those of heterosexual men). Although there was no significant difference between heterosexual men and women, gay men differed significantly from heterosexual men, and lesbians differed significantly from heterosexual women-the gay and lesbian groups demonstrated clear gender-atypical performance. Results from the category fluency task revealed virtually identical scores of gay men and heterosexual women, on the one hand, and lesbians and heterosexual men on the other (with a normative gender difference between heterosexual men and women), indicating a strong cross-sex shift on category fluency. On synonym fluency, a significant difference was also found between heterosexual men and women. In addition, lesbians displayed male-typical (no different from heterosexual men) performance, and gay men displayed female-typical scores on this final task.
Although our results support prior work on gender differences in semantic fluency (Acevedo et al., 2000) , we failed to replicate a difference between heterosexual men and women on letter fluency. This suggests that semantic fluency tasks are more sensitive to gender differences that show modest and large effect sizes (category and synonym, respectively) in prior work (Acevedo et al., 2000; Hines, 1990) . The main effects of gender in the ANCOVA models favoring men for letter and synonym fluency are due to the particularly low scores of lesbians compared with the superior scores of gay men. They do not apply when the comparison is between heterosexual men and women only. In fact, within these groups, women do better.
Our results support McCormick and Witelson's (1991) finding of gender-atypical performance by gay men on a single-item test of category fluency and Neave et al.'s (1999) finding of gender-atypical performance by gay men on synonym fluency. However, they contradict those studies reporting no significant sexual-orientation-related differences in letter fluency (Gladue et al., 1990; Neave et al., 1999) . The findings are consonant with prior work demon- strating female-typical performance by gay men in other cognitive domains, such as lower scores on mental rotation (Gladue et al., 1990; McCormick & Witelson, 1991; Neave et al., 1999; Sanders & Ross-Field, 1987; Wegesin, 1998; Rahman & Wilson, 2003) . This study also shows, for the first time and contrary to expectation, significant genderatypical shifts in the verbal fluency profiles of lesbians. Wegesin reported nonsignificant male-typical performance trends by lesbians in mental rotation and a semantic-monitoring task. However, in the majority of studies reported, cognitive profiles of lesbians and heterosexual women are indistinguishable (e.g., Gladue & Bailey, 1995; Gladue et al., 1990; Tuttle & Pillard, 1991) . This could have been due to small samples in these studies, reducing power to detect differences between the female groups. Nonetheless, Rahman and Wilson found differences between the female groups in total correct scores on mental rotation but not in accuracy-only scores, despite a large sample. Whereas these findings suggest differences in approach to mental rotation task demands, the current findings suggest that female effects may be domain specific (i.e., at least with respect to verbal fluency).
Overall, the current findings support the theory of neurohormonal sexual differentiation, which predicts that gay men and lesbians will show physiological and behavioral (including cognitive) shifts in opposite-sex directions that are parallel to the "atypical" shift in their partner preferences (Ellis & Ames, 1987) . Some evidence does suggest that, physically (e.g., in brain regions such as the suprachiasmatic nucleus, anterior hypothalamus, and anterior commissure) and behaviorally (in terms of childhood sex-typed behavior, adult gender role orientation, and cognitive performance), gay men, and to a lesser extent lesbians, follow sex-atypical patterns (Allen & Gorski, 1992; Bailey & Zucker, 1995; LeVay, 1991; Lippa, 2002; Rahman & Wilson, 2003; Swaab & Hofman, 1990) . However, studies in other domains suggest sex typicality in gay men and lesbians, for example, preferred age of sexual partners (Bailey, Gaulin, Agyei, & Gladue, 1994) , or even sex-magnified traits, such as overmasculinized finger length ratios (a putative indicator of exposure to prenatal androgens; Williams et al., 2000) . Thus the extent of sex atypicality appears to be domain specific.
Traditionally, verbal fluency tests measure the integrity of executive functioning. In the context of Baddeley and Hitch's (1974) working memory model, verbal fluency involves rapid intrinsic response generation (not reliant on external cues) that places heavy demands on central executive resources to access effective retrieval strategies, to organize thinking and generation, and to shift between strategies (Abrahams et al., 2000; Troyer, Moscovitch, & Winocur, 1997) . Letter fluency involves generation based on phonetic or orthographic information (e.g., words beginning with F), whereas category fluency requires the use of semantic strategies with the production of exemplars of a given semantic category (e.g., all words from the category Tools). Synonym fluency requires the production of higher order semantic exemplars (e.g., generation of words with the same meaning as cold). The difference between the two tests may be that access and retrieval of synonyms places heavier demands on semantic organization and executive retrieval skills. In addition, tests of verbal fluency require activation of the phonological loop, which maintains shortterm storage of cue letters (or words) and tracks preceding responses (Miller, 1984) . With respect to the present findings, there is the suggestion of exaggerated female-typical performance by gay men during synonym generation, a test that appears to be particularly sensitive to gender effects. It is possible that differential task demands and cognitive loads placed on semantic and executive resources contributed to the task-specific differences reported here. Future studies could benefit by examining task strategies, matching tasks for difficulty, or comparing performance across a range of difficulty.
Clinical and neuroimaging studies suggest that phonological (letter) and semantic fluency tasks are not equivalent in terms of their neural substrates. The prefrontal cortex is integral to verbal processing and executive functioning, and tests of verbal fluency are particularly sensitive to, and useful "markers" of, prefrontal dysfunction (Lezak, 1995) . Frontal lobe lesions have been shown to impair performance on letter fluency, and damage to the temporoparietal cortex (in addition to frontal lobe damage) results in category fluency impairment (Milner & Petrides, 1984) . Functional brain imaging studies have demonstrated robust activation of the inferior prefrontal cortex, particularly the dorsolateral prefrontal cortex and inferior frontal gyrus (associated with the phonological loop and executive components of the task) during letter fluency, whereas greater activation of the left temporal cortex (associated with greater access to semantic storage and retrieval) is apparent during category fluency (Gourovitch et al., 2000; Mummery, Patterson, Hodges, & Wise, 1996; Paulesu et al., 1997) . Sex differences have also been demonstrated in activation of the inferior frontal gyrus during phonological, lexical, and verbal reasoning tasks whereby women activate more bilateral regions compared with men (Gur et al., 2000; Shaywitz et al., 1995) . In addition, Kansaku, Yamaura, and Kitazawa (2000) demonstrated that women activate the posterior temporal lobes bilaterally during processing of linguistic structures within a narrative more than do men. The current findings suggest that there may be functional, or even structural, differences in regions of the prefrontal cortex between gay-lesbian and heterosexual persons of both sexes. Future studies using functional brain imaging could examine whether gay men and lesbians show a gender-atypical pattern of activation during verbal fluency tasks. There is already support for this possibility from one study. Reite, Sheeder, Richardson, and Teale (1995) found more symmetrical auditory source locations using magnetoencephalography (MEG) in gay compared with heterosexual men, a pattern more typical of women. Reite et al. concluded that their MEG findings could reflect differences in the structure of the superior temporal gyri between gay and heterosexual men. It is important to note that sexual-orientation-related differences in brain activation are at best speculative and sex differences in brain activation during verbal tasks are not consistently found (e.g., Buckner, Raichle, & Petersen, 1995; Frost et al., 1999) .
Although differences in neural substrates could account for the profile of verbal fluency reported here, whether biological or socioenvironmental factors are responsible for these differences is unclear. Recent reports have implicated prenatal androgens in both the development of sexual orientation and gender differences in cognitive abilities (Grimshaw, Bryden, & Finegan, 1995; Williams et al., 2000) , but the evidence is inconsistent. Such factors may produce differences in prefrontal cortical functioning early in development that may ultimately affect the cognitive processes underlying verbal fluency. However, it remains plausible that experiential factors, such as differential reinforcement of language comprehension and production skills during development and schooling, influence the development of the neural substrates underlying proficiency in verbal fluency.
In summary, cross-sex shifts in performance on verbal fluency tasks by gay men and lesbians have been clearly demonstrated. The present investigation highlights the importance of factoring sexual orientation into studies examining main effects of gender on cognitive profiles.
